ABSTRACT: A rhodium-catalyzed [2 + 2 + 2] cycloaddition of cyano-yne-allene scaffolds followed by a dehydrogenative 8 process enabling the direct synthesis of unsaturated pyridine-containing compounds that can be conveniently converted to 2,6-9 naphthyridine derivatives is reported. 
naphthyridine derivatives is reported. 10 N aphthyridine 1 derivatives have received significant atten-11 tion due to their broad spectrum of biological activity. 12 Among the six isomeric naphthyridines, 2,6-naphthyridine, the 13 last to be synthesized in the series, has been found to have 14 promising medicinal properties and is currently under f1 15 investigation in HIV 2 and cancer 3 research (Figure 1 ).
16
The development of sustainable transformations permitting 17 readily available precursors to be converted to relevant products 18 is an interesting goal in organic synthesis. The [2 + 2 + 2] 19 cycloaddition reaction involving two alkynes and one nitrile is an 20 excellent option for the synthesis of pyridines. 4 This atom 21 economic strategy has been efficiently used for the synthesis of 22 mono-and polycyclic pyridine-containing molecules. The present study describes an intramolecular rhodium(I)-53 catalyzed [2 + 2 + 2] cycloaddition of cyano-yne-allene substrates 54 leading to the construction of dihydronaphthyridine and 55 pyranopyridine scaffolds after a dehydrogenative process.
56
The feasibility of the cycloaddition was assessed with N-tosyl 57 (NT)-tethered cyano-yne-allene substrate 1a, which was 58 synthesized from readily available starting materials (see the 59 Supporting Information for details on the synthesis). First, the 60 reaction was tested using [Rh(cod) 2 ]BF 4 as a cationic rhodium 61 source in combination with Tol-BINAP in dichloroethane. Two 62 products were formed, which could be isolated by column s2 63 chromatography. One was assigned to product 2a′ (Scheme 2), 64 which arises from a cycloaddition involving the internal double 65 bond of the allene, and is followed by an isomerization to furnish 66 the pyridine derivative. Although the same product can be 67 obtained by reacting a cyanodyine scaffold, 5b the result showed 68 that the allene moiety can effectively be involved in such a 69 cycloaddition. In the case of the second product, a mass loss of 70 two units as compared with the starting material was detected by 71 ESI-MS analysis. After a detailed spectroscopic analysis, the 72 product was identified to be tricyclic adduct 2a (Scheme 2) in 73 which there was a central pyridine as indicated by the proton 74 signal at 8.00 ppm surrounded by two 6-membered nitrogenated 75 rings, one of which had a double bond, giving characteristic 76 signals at 5.79 and 6.83 ppm. The external double bond of the 77 allene reacts to achieve cycloadduct 2a. Overall, the results 78 showed that the allene participates in the cycloaddition but that 79 the reaction is not regioselective. We next proceeded to evaluate the scope of the process. A 131 series of cyano-yne-allene scaffolds (1) with different tethers and 132 numbers of methylenic units between the tether and the cyano s3 133 group were reacted under the optimized conditions (Scheme 3). 134 Both 6,6,6-and 5,6,6-tricyclic scaffolds were obtained in fairly 135 good yields and with fast reactions.
136
To assess the generality of the dihydrogenative cycloaddition, 137 we designed new substrates that have a more rigid linker between 138 the tether and the cyano group using 2-aminobenzonitrile as a 139 building block. Substrates 1g and 1h, which differ in the tether 140 between the alkyne and the allene, were synthesized (see the 141 Supporting Information for details of the synthesis). Their 142 subsequent reaction under the optimized conditions efficiently s4 143 furnished cycloadducts 2g and 2h (Scheme 4). 144 We then investigated whether dehydrogenative cyclization 145 also takes place when other unsaturations are used. Diyneallene 146 substrate 3 was synthesized, and its reactivity was tested under 147 the optimized conditions. A [2 + 2 + 2] cycloaddition reaction 
